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(57) ABSTRACT

A method of screening a novel BAFF suppressor or inhibitor.
More specifically speaking, a method which comprises add-
ing a combination of TPA withionomycin and/or an ant1-CID3
antibody to a cultured human cell to thereby induce the pro-
duction of BAFF by the cell; a method of screening a sub-
stance capable of suppressing the expression or activity of
BAFF which comprises adding a test substance to a BAFF-
productlon system prepared by adding a combination of TPA
with 1onomycin and/or an ant1-CD3 antibody to a cultured
human cell and measuring the expression amount and/or the
activity of BAFF 1n the BAFF-production system; and a
BAFF production inducer for a BAFF-producmg cell which
contains a combination of TPA with ionomycin and/or an
ant1-CD3 antibody.
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METHOD OF SCREENING BAFFK
SUPPRESSOR OR INHIBITOR

TECHNICAL FIELD

The present mvention relates to a method of screening a
novel BAFF suppressor or inhibitor. The present invention
relates particularly to a method of screening a substance
suppressing or inhibiting the expression or production of
BAFF by constructing a system wherein a detectable suili-
cient amount of BAFF 1s stably released extracellularly by
subjecting a commercial cell strain to suitable stimulating
conditions. Specifically, the present invention relates to a
method of inducing the production of BAFF 1n a cultured
human T cell by adding a combination of TPA with 1onomy-
cin and/or an anti-CD3 antibody to the cell, a method of
screening a substance capable of regulating the expression or
activity of BAFF, which includes adding a test substance to a
BAFF production system in which a combination of TPA with
ionomycin and/or an anti-CD3 antibody are/is added to a
cultured human T cell and then measuring the expression
level and/or activity level of BAFF in the BAFF production
system, and a BAFF production inducer for a BAFF-produc-
ing cell, which comprises a combination of TPA with 1ono-
mycin and/or an ant1-CD3 antibody.

BACKGROUND ART

It1s known that BAFF (B cell activating factor belonging to
the TNF family) 1s produced and secreted from T cells, mono-
cytes/macrophages, dendritic cells and the like and regulates
such as B-cell differentiation, activation, survival rate via 3
types of receptors on B cells (Moore et al., Science, 285,
260-263 (1999)).

Human BAFF 1s a transmembrane form protein compris-
ing 285 amino acids. There 1s a structural characteristic of
trimer formation such as the presence of a cytoplasmic
domain of 46 amino acids, an extracellular domain of 218
amino acids, and two N-glycosylation sites in 1ts amino acid
sequence. It 1s estimated that an extracellular domain of 152
amino acids from C-terminal 1s cleaved with a protease of
Furin family and released in a soluble form. The amino acid
sequence of human BAFF 1nitially named neutrokine o was
disclosed as SEQ ID NO: 1 or 2 in publication of International
Patent Application WO98/18921. Other names of human
BAFF such as Kay, TNFSF13B, Blys, TALL-1, THANK and
zITNF4 are also known.

BAFF-R, TACI (transmembrane activator and calcium
modulator and cyclophilin ligand interactor), and BCMA (B
cell maturation antigen) are known as BAFF receptors.
BAFF-R and BCMA are expressed mainly in B cells, and

TACI 1s expressed 1n B cells and activated T cells.

The physiological action of BAFF lies in regulation of
B-cell differentiation, activation, survival rate and the like as
described above, and is increasingly revealed 1n recent vears
to participate 1n pathologic condition. That 1s, 1t 1s reported
that a mouse expressing BAFF 1n excess shows SLE-like
symptoms such as increase in peripheral blood B cells,
enlargement of lymph nodes and spleen, increase 1n 1gG level
in serum, antinuclear antibody production, deposition of
immune complex in the kidney, albuminuria and nephritis
(Mackay et al., J. Exp. Med., 190, 1697-1710, (1999), and
Khare et al., Proc. Natl. Acad. Sci. USA 97, 3370-3375,
(2000)). It was further reveled that this mouse also shows
SS-like symptoms such as inflammation of salivary gland and

destruction of salivary gland with advancing age (Groom et
al., J. Clin. Invest., 109, 59-68, (2002)) An increase of BAFF
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level 1n serum 1n patients suffering from SLE, RA and SS 1s
also reported (Zhanget al., J. Immunol., 166, 6-10, (2001);

Cheema et al., Arthritis Rheum., 44, 1313-1319, (2001); and
Groom et al., J. Clin. Invest., 109, 59-68, (2002)), and there
are also many reports such as higher BAFF level 1in synovial
fluid than 1n serum 1n patients suifering from RA (Cheema et
al., Arthritis Rheum., 44, 1313-1319, (2001)), expression of

BAFF 1n salivary gland-infiltrating leukocytes 1n patients sui-
fering from SS (Groom et al., J. Clin. Invest. 109, 59-68,
(2002)), correlation between serum BAFF level 1in patients
sulfering from SLE and immunoglobulin or anti-ds DNA
antibody (Zhang et al., J. Immunol. 166 6-10, (2001)) and
correlation between BAFF in patients suifering from RA and
rheumatoid factor (Cheema et al., Arthritis Rheum., 44, 1313-
1319, (2001)).

From these facts, 1t can be said that the suppression or
inhibition of expression or production of BAFF leads to pre-
vention and treatment of autoimmune diseases such as SLE,
RA and SS, and thus there 1s demand for establishment of a
system for accurately screening the suppression or inhibition
of expression or production of BAFF.

For establishment of such screening system, 1t 1s possible
to anticipate, for example, a method of obtaining a cell
expressing BAFF stably by transforming a cultured cell with
a gene vector constructed so as to express BAFF by recom-
binant DNA techniques. There is however a problem that even
if BAFF could be expressed, BAFF would not always
released extracellularly i a secretory form and would be
uncertain as to whether the cultured cell can be a cell strain
stable for expression and production of BAFF. Accordingly,
none of such system has been reported. For example, 1f 1t
would be possible to construct a system wherein the induction
of itracellular expression of BAFF and the extracellular
release of a detectable sufficient amount of BAFF can be
recognized when a commercial cell strain i1s subjected to
suitable stimulating conditions, the problem described above
could be solved.

DISCLOSURE OF INVENTION

The object of the present invention 1s to provide a method
ol screening a substance suppressing or inhibiting the expres-
s1on or production of BAFF by constructing a system wherein
a detectable sufficient amount of BAFF 1s stably released
extracellularly by subjecting a commercial cell strain to suit-
able stimulating conditions. By constructing such system,
there can also be provided a method of screening a prophy-
lactic/therapeutic agent for autoimmune diseases such as sys-
temic lupus erythematosus (SLE), chronic rheumatoid arthri-
t1s (RA), Sjogren’s syndrome (SS), autoimmune diabetes,
AIDS, and an autoimmune disease accompanied by B-cell
actrvation.

Accordingly, the present inventors made extensive study
on selection of a cell strain and a method of stimulating the
cell, and as aresult, found that when a Loucy cell or Jurkat cell
that 1s a commercial human T cell strain highly expressing
CD3 1s stimulated with an anti-CD3 antibody and/or a com-
bination of TPA (12-O-tetradecanoylphorbol 13-acetate, or
Phorbol 12-myristate 13-acetate, also expressed as PMA)
with 1onomycin, the induction of stable BAFF expression in
the cell 1s recognized and simultaneously a detectable sudifi-
cient amount of BAFF can be stably released into a culture,
and the present mvention was thereby completed.

That 1s, the present invention provides a BAFF production
system wherein a cultured human T cell 1s stimulated by
adding a combination of TPA with ionomycin and/or an anti-
CD3 antibody to the cell. Specifically, the present invention
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provides a BAFF production system wherein a cultured
human T cell such as Loucy cell or Jurkat cell 1s stimulated by
adding a combination of TPA with ionomycin and/or an anti-
CD3 antibody to the cell.

The present invention also relates to a method of inducing
the production of BAFF 1n a cultured human T cell, by adding
a combination of TPA with 1onomycin and/or an anti-CD3
antibody to the cell. Specifically, the present invention relates
to a method of inducing the production of BAFF 1n a cultured
human T cell such as Loucy cell or Jurkat cell, by adding a
combination of TPA with 1onomycin and/or an anti-CD3
antibody to the cell.

The present invention also provides a method of screening,
a substance capable of regulating the expression or activity of
BAFF 1n a BAFF production system wherein a cultured
human T cell 1s stimulated by adding a combination of TPA
with 1onomycin and/or an anti-CD3 antibody to the cell.
Specifically, the present mvention provides a method of
screening a substance capable of suppressing or inhibiting the
expression or activity of BAFF 1n a BAFF production system
wherein a cultured human T cell 1s stimulated by adding a
combination of TPA with 1onomycin and/or an anti-CD3
antibody to the cell. More specifically, the present invention
provides a method of screening a substance capable of regu-
lating, preferably suppressing or inhibiting the expression or
activity of BAFF 1n a BAFF production system wherein a
cultured human T cell such as Loucy cell or Jurkat cell 1s
stimulated by adding a combination of TPA with 1onomycin
and/or an ant1-CD3 antibody to the cell.

The screenming method of the present invention relates par-
ticularly to a method of screening a substance capable of
regulating the expression or activity of BAFF, which includes
adding a test substance to a BAFF production system in which
a combination of TPA with 1onomycin and/or an anti-CD3
antibody are/i1s added to a cultured human T cell and then
measuring the expression level and/or activity level of BAFF
in the BAFF production system. Specifically, the present
invention relates to amethod of screening a substance capable
of regulating the expression or activity of BAFF, which
includes adding a test substance to a BAFF production system
in which a combination of TPA with ionomycin and/or an
ant1-CD3 antibody are/is added to a cultured human T cell
such as Loucy cell or Jurkat cell and then measuring the
expression level and/or activity level of BAFF in the BAFF
production system. More specifically, the present invention
relates to a method of screenming a substance capable of sup-
pressing or inhibiting the expression or activity of BAFF,
which includes adding a test substance to a BAFF production
system 1n which a combination of TPA with 1onomycin and/
or an anti-CD3 antibody are/is added to a cultured human T
cell such as Loucy cell or Jurkat cell and then measuring the
expression level and/or activity level of BAFF 1n the BAFF
production system.

Further, the present invention provides a method of screen-
ing a prophylactic/therapeutic agent for autoimmune diseases
such as systemic lupus erythematosus (SLE), chronic rheu-
matoid arthritis (RA), Sjogren’s syndrome (SS), autoimmune
diabetes, AIDS, and an autoimmune disease accompanied by
B-cell activation, 1n a BAFF production system wherein a
cultured human T cell 1s stimulated by adding a combination
of TPA with 1onomycin and/or an anti-CD3 antibody to the
cell. Specifically, the present invention provides a method of
screening a prophylactic/therapeutic agent for autoimmune
diseases such as systemic lupus erythematosus (SLE),
chronic rheumatoid arthritis (RA), Sjogren’s syndrome (SS),
autoimmune diabetes, AIDS, and an autoimmune disease
accompanied by B-cell activation, in a BAFF production
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4

system wherein a cultured human T cell such as Loucy cell or
Jurkat cell 1s stimulated by adding an anti-CD3 antibody
and/or a combination of TPA with 1onomycin to the cell.
More specifically, the present invention provides a method of
screening a prophylactic/therapeutic agent for autoimmune
diseases such as systemic lupus erythematosus (SLE),
chronic rheumatoid arthritis (RA), Sjogren’s syndrome (SS),
autoimmune diabetes, AIDS, and an autoimmune disease
accompanied by B-cell activation, which includes adding a
test substance to a BAFF production system in which a com-
bination ol TPA with 1onomycin and/or an ant1-CD?3 antibody
are/1s added to a cultured human T cell such as Loucy cell or

Jurkat cell and then measuring the expression level and/or
activity of BAFF 1n the BAFF production system.

Further, the present invention relates to a BAFF production
inducer for a BAFF-producing cell, which contains a combi-
nation of TPA with 1onomycin and/or an anti-CD3 antibody.
Specifically, the present invention relates to a BAFF produc-
tion inducer for a cultured human T cell, which contains a
combination of TPA with 1onomycin and/or an anti-CID3
antibody. More specifically, the present invention relates to a
BAFF production inducer for a cultured human T cell such as
Loucy cell or Jurkat cell, which contains a combination of
TPA with 1onomycin and/or an ant1-CD?3 antibody.

According to the present invention, there can be provided a
method of screening, with a cultured cell strain, a substance
capable of suppressing or inhibiting the production of BAFF
as well as a method of screening a prophylactic/therapeutic
agent for diseases involved in production or activity of BAFF,
such as systemic lupus erythematosus (SLE), chronic rheu-
matoid arthritis (RA), Sjogren’s syndrome (SS), autoimmune
diabetes, AIDS, and an autoimmune disease accompanied by
B-cell activation.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a drawing showing the expression of BAFF upon
stimulation of a Loucy cell or Jurkat cell with an anti-CD?3
antibody or both TPA and ionomycin.

FIG. 2 1s a drawing showing the expression of BAFF pro-
tein upon stimulation of a Loucy cell with an anti-CD3 anti-
body or both TPA and 1onomycin.

FIG. 3 1s a drawing in which recombinant human BAFF
(manufactured by Chemicon) was detected by conventional
Western blotting method with an antthuman BAFF mono-
clonal antibody (4H4) and a control rabbit antihuman BAFF

polyclonal antibody (Chem) manufactured by Chemicon.

FIG. 4 1s a graph showing the production of BAFF upon
stimulation of a Loucy cell with TPA and 1onomycin.

FIG. 5 1s a graph showing the production of BAFF upon
stimulation of a Jurkat cell with TPA and 1onomycin.

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

The inventors examined the expression of BAFF upon
stimulation of a Loucy cell or Jurkat cell with various sub-
stances. As a result, the inventors found that when a Loucy
cell or Jurkat cell 1s stimulated with an ant1-CD3 antibody or
a combination of TPA with ionomycin, the induction of stable
BAFF expression in the cell 1s recognized and simultaneously
a detectable sullicient amount of BAFF can be stably released
into a culture, as shown later 1n the Examples.

Accordingly, the method of screening a substance capable
of regulating, preferably suppressing or inhibiting the expres-
s1on or activity of BAFF can be constituted as follows.
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That 1s, commercial human T cells are suspended at a
suitable density 1n a suitable medium, then seeded 1n a culture
plate or the like, and stimulated by adding TPA (final concen-
tration o1 0.001 to 1.0 ng/mL, preferably 0.005 to 0.1 ug/mlL)
and 1onomycin (final concentration of 0.01 to 10.0 ug/mlL,
preferably 0.05 to 1.0 pg/mlL), and a test substance (any
concentration gradients at a final concentration of 10~ to
10~ M) is added as necessary, and culture of the cells is
initiated. The culture supernatant i1s recovered 1 hour to 7
days, preferably 3 hours to 5 days, after the culture 1s 1nitiated,
and the concentration of BAFF 1n the supernatant can be
measured and compared with the control, thereby measuring,
the activity of the test substance to suppress or inhibit BAFF
in this screening system. For carrying out the above-de-

scribed system, a culture plate coated previously with an
ant1-CD3 antibody diluted with PBS or the like (final concen-

tration of 0.01 to 1000 ug/mL., preferably 0.1 to 100 ug/mlL)
may be used. The culture plate or the like coated with an
ant1-CD3 antibody can be used to detect a suflicient amount
of BAFF without using TPA and 1onomycin and 1s useful as an
easier screening system.

The human T cell strain used in the present invention 1s
preferably a commercial cell, and examples include a Loucy

cell (ATCC Cat. No. CRL-2629), a Jurkat cell (ATCC Cat.
No. TIB-152) and a TALL-1 cell (JCRB 0086), among which
the Loucy cell (ATCC Cat. No. CRL-2629) or Jurkat cell
(ATCC Cat. No. TIB-152) highly expressing CD3 and
expected to be activated via a T-cell receptor 1s more prefer-
able.

The anti-CD3 antibody used in the present invention
includes an antthuman CD3 monoclonal antibody and anti-
human CD3 polyclonal antibody produced by methods
known by those skilled 1n the art, among which an antthuman
CD3 monoclonal antibody 1s preferable, and a mouse antihu-
man CD3 monoclonal antibody (BD Pharmingen Cat No.
555336, or the like) 1s more preferable.

TPA used 1n the present invention, which 1s an abbreviation
of 12-O-tetradecanoylphorbol 13-acetate, 1s a phorbol ester
also known as phorbol 12-myristate 13-acetate (abbreviated
sometimes as PMA), and TPA used 1n the present invention
may be any of compounds given such names and also includes
stereotsomers. Preferable commercial TPA includes, for
example, 4-c.-phorbol 12-myristate 13-acetate (SIGMA Cat.
No. P-148).

Ionomycin used in the present mvention 1s a polyether
antibiotic derived from Streptomyces conglobatus and 1is
known to act as calctum 1onophore, and ionomycin used in the
present invention also includes pharmaceutically acceptable
salts. Preferable commercially available 1onomycin includes,
for example, 1onomycin, calcium salt (SIGMA Cat. No.
10634).

There 1s a characteristic that BAFF production inducer of
the present invention contains a combination of TPA with
ionomycin and/or an ant1-CD?3 antibody as active ingredients
for inducing the production of BAFF. The BAFF production
inducer of the present invention can comprise, 1n addition to
the above active ingredients, a carrier such as a butfer solution
which can be added to a cell system, and together with the
carrier which can be added to a cell system, can be formed
into a composition for inducing the production of BAFF.

The BAFF production inducer of the present invention can
be applied to a BAFF-producing cell, preferably a cultured
cell, and pretferable examples of the cell include a cultured
human T cell, specifically a Loucy cell and Jurkat cell.

When the BAFF production inducer of the present inven-
tion includes a combination of TPA with 1onomycin as the
active igredients, the respective active mngredients are used
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by adding them to a cell system 1n such amounts that the final
concentration of TPA becomes 0.001 to 1.0 ug/mL, prefer-
ably 0.005 to 0.1 ng/mlL, while the final concentration of
ionomycin becomes 0.01 ug/ml to 10 ug/mL, preferably 0.05
ug/mL to 1 ug/mL. When the active ingredient 1s an ant1-CID3
antibody, the active ingredient can be put to a culture plate at
a concentration of 0.1 ug/mL to 100 ng/ml, preferably 1
ug/mL to 30 ug/ml 1n a butler solution.

The thus obtained BAFF production system of the present
invention has a surprising feature that a detectable sufficient
amount of BAFF can be stably released into a culture as
shown later 1n the Examples, and thus it 1s possible to realize
not only a method of screening a substance capable of regu-
lating, preferably suppressing or inhibiting the expression or
activity of BAFF, but also a method of screening a prophy-
lactic/therapeutic agent for autoimmune diseases such as sys-
temic lupus erythematosus (SLE), chronic rheumatoid arthri-
t1s (RA), Sjogren’s syndrome (SS), autoimmune diabetes,
AIDS, and an autoimmune disease accompanied by B-cell
activation.

EXAMPLES

Heremafiter, the present mvention 1s described in more
detail by reference to the Examples, but the technical scope of

the present invention 1s not limited by the Examples.

Example 1

Expression of BAFF upon stimulation of a Loucy

cell or Jurkat Cell with an Ant1-CD3 Antibody or
Both TPA and Ionomycin

(a) Culture Under Stimulation with TPA and Ionomycin
Loucy cells or Jurkat cells purchased from ATCC (Ameri-
can Type Culture Collection) were suspended in RPMI1640
medium containing 10% FBS (Fetal bovine serum), 0.45%
D-glucose, 1 mM sodium pyruvate and 1 mM HEPES and
seeded at a density of 1x10° cells/well on a 6-well culture
plate. At the same time, TPA and ionomycin were added
respectively to a final concentration o 0.05 ng/ml., 0.5 ug/mL
or 0.1 ug/mL, and the cells were recovered 5 hours, 24 hours,
48 hours and 72 hours (Loucy cells) or 48 hours, 120 hours
and 168 hours (Jurkat cells) after the culture was 1nitiated.

Total RNA was extracted from these recovered cells, and
BAFF mRNA was analyzed by the RT-PCR method under the

following conditions. Using ReverTra Dash kit (TOYOBO
Cat. No. PCR-401), the sample was subjected to reverse
transcription reaction at 30° C. for 10 minutes, at 42° C. for 20
minutes and at 99° C. for 5 minutes to give cDNA. Using
Advantage 2 PCR Enzyme system (BD Biosciences Cat. No.
PT3281-1), this cDNA was reacted at 94° C. for 1 minute,
then subjected to 35 reaction cycles each at 94° C. for 30
seconds and at 66° C. for 1.5 minutes and reacted at 66° C. for
5> minutes, and the DNA thus acquired was separated by 1.5%
agarose gel electrophoresis, and an objective band was rec-
ognized at a position o1 975 bp. The primer sequences used 1n
the PCR reaction are as follows:

Forward:
5'aggccccaaccttcaaagttcaag (SEQ ID NO: 1)
Reverse:
5'-cttagaggtacagagaaagggagg (SEQ ID NO: 2)

The results are shown 1in FIG. 1. FIG. 1(a) shows the
sample from the Loucy cells, and FIG. 1(b) shows the sample
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from the Jurkat cells. T+l shows stimulation with TPA and
ionomycin (which are 0.05 ug/ml and 0.5 pug/ml respec-
tively 1 (a); and 0.05 ng/mlL and 0.5 ug/mlL (on the observers’
right) or 0.1 ug/mL (on the observers’ left) in (b)), and (-)
shows non-stimulation. In each profile, G3PDH 1s a positive
control. In Loucy cells and Jurkat cells stimulated with TPA
and 1onomycin, the expression of BAFF mRNA was recog-
nized 5 hours and 2 days after the stimulation, and the induc-
tion of evident expression of BAFF mRNA by TPA and 10no-
mycin was continuously recognized over 72 hours and 7 days
(168 hours) after the culture was 1nitiated, as shown 1n FIGS.
1(a) and (b). It was thus found that because the induction of
stable expression ol BAFF was recognized by culturing
Loucy cells or Jurkat cells under stimulation with TPA and
ionomycin, this culture system can be used 1n screening a
substance suppressing or inhibiting the expression of BAFF.

(b) Culture Under Stimulation with an Ant1-CD3 Antibody

An ant1-CD3 antibody diluted at 10 ng/mlL with PBS was
put to a 6-well plate and adsorbed onto the bottom at 4° C.
overnight, and then Loucy cells suspended 1n the same man-
ner as in (a) were seeded at a density of 1x10° cells/well. The
cells were recovered 5 hours, 24 hours, 48 hours and 72 hours
alter the culture was 1nitiated. Total RNA was extracted from
these recovered cells, and BAFF mRNA was analyzed by the
RT-PCR method under the following conditions. Using
ReverTra Dash kit (TOYOBO Cat. No. PCR-401), the sample
was subjected to reverse transcription reaction at 30° C. for 10
minutes, at 42° C. for 20 minutes and at 99° C. for 5 minutes
to give cDNA. Using Advantage 2 PCR Enzyme system (BD
Biosciences Cat. No. P13281-1), this cDNA was reacted at
94° C. for 1 minute, then subjected to 35 reaction cycles each
at 94° C. for 30 seconds and at 66° C. for 1.5 minutes and
reacted at 66° C. for 5 minutes, and the acquired DNA was
separated by 1.5% agarose gel electrophoresis, and an objec-
tive band was recognized at a position of 975 bp. As a result,
two-phase expression was made evident as shown 1n anti-
CD3 inthe nght in FIG. 1(a), wherein the expression of BAFF
mRNA 1s recognized from 5 hours after stimulation, thereat-
ter the expression 1s attenuated, and the mRINA 1s expressed
again 72 hours after the culture 1s mnitiated. There would be a
possibility that such expression modes are diflerent in bio-
logical meaning, and 1t 1s considered that the expression of
BAFF induced by culturing Loucy cells under stimulation
with an anti-CD3 antibody can be used 1n screening a sub-
stance suppressing or inhibiting the unique expression of

BAFF.

Example 2

Expression of BAFF Protein Upon Stimulation of a
Loucy Cell with an Anti-CD3 Antibody or Both TPA
and Ionomycin

An ant1-CD3 antibody diluted at 10 ug/mL with PBS was
put to a 6-well plate and adsorbed onto the bottom at 4° C.
overnight, and then Loucy cells suspended 1n the same man-
ner as in Example 1 were seeded at a density of 1x10° cells/
well. The cells were recovered 24 hours, 48 hours, 72 hours
and 96 hours after the culture was 1nitiated. These recovered
cells were used and examined for expression of BAFF protein
by a conventional Western blotting method. As an antibody
for detection of BAFF protein, a rabbit antthuman BAFF
polyclonal antibody (AB16530, manufactured by Chemicon)
was used. The results are shown 1n FIG. 2. A control not
stimulated 1s shown 1n (-) 1n the left 1n FIG. 2, and CD3

stimulation 1n FIG. 2 shows stimulation with anti-CIDD3 anti-
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body, and TPA+Ionomycin shows stimulation with TPA and
ionomycin. B-actin 1n the lower profile 1n FIG. 2 shows a
positive control. In the Loucy cells stimulated with an anti-
CD3 antibody, a 34-kDa band corresponding to human BAFF
was confirmed from 24 hours after stimulation, and this evi-
dent expression induction was continuously recognized over
96 hours aifter the culture was itiated. Separately, Loucy
cells were suspended in RPMI1640 medium containing 10%
FBS (fetal bovine serum), 0.45% D-glucose, 1 mM sodium
pyruvate and 1 mM HEPES and seeded at a density of 1x10°
cells/well on a 6-well culture plate, and at the same time,
simultaneously TPA and 1onomycin were added to final con-
centrations o 0.05 ug/mL and 0.5 pg/mL respectively, and the
cells were recovered 24 hours, 48 hours, 72 hours and 96
hours after the culture was mnitiated. These recovered cells
were used and examined for expression of BAFF protein by a
conventional Western blotting method. In the Loucy cells
stimulated with TPA and 1onomycin, a 34-kDa band corre-
sponding to human BAFF was recognized from 24 hours after
stimulation, and this evident expression induction was con-
tinuously recognized over 96 hours aiter the culture was
initiated, as shown 1n FI1G. 2. In these results, the induction of
stable expression of BAFF protein by culturing Loucy cells
under stimulation with an anti-CD3 antibody or both TPA and
ionomycin was recognized over 96 hours after the culture was
initiated, and this culture system can be used 1n screening a
substance suppressing or inhibiting the expression of BAFF
protein.

Retference Example 1

Preparation of Antthuman BAFF Monoclonal
Antibody (4H4)

The antithuman BAFF monoclonal antibody (4H4) used 1n
Example 3 was prepared in the following manner. That 1s, 13
amino acids (SEQ ID NO: 4) corresponding to a region, in the
vicinity of a membrane, of an extracellular domain 1 285
amino acids of BAFF shown in SEQ NO: 3 in the Sequence
Listing were selected, then conjugated with KLLH by the MBS
method, and used as antigen. 100 ulL of 1 mg/ml aqueous
solution of the antigen peptide 1n physiological saline and
Freund’s complete adjuvant were formed into an emulsion
and then used 1n intraperitoneally immumzing a mouse (Balb/
c, 6-week-old). After 2 weeks, 100 ul. of 1 mg/ml of an
aqueous solution of the antigen peptide 1n physiological
saline and Freund’s complete adjuvant, which had been emul-
sified by sonication, were used as booster for additional
immunization, followed by additional immunization twice at
2-week 1ntervals. Two months after the first immunization,
the spleen was excised, and lymphocytes were separated in
RPMI 1640 medium (containing penicillin and streptomy-
cin). The separated lymphocytes were fused with mouse bone
marrow-dertved myeloma cell P3U1 strain by the polyethyl-
ene glycol (PEG) method to prepare hybridoma cells. The
hybridoma cells were suspended 1n a feeder cell-containing
HAT medium, pipetted to a 96-well plate (Greiner) and cul-
tured for 15 days. A culture supernatant was recovered from
the wells 1n which the hybridoma cells had been cultured, and
antibody-producing cells reactive with the antigen peptide
were selected by ELISA (enzyme-linked immunosorbent
assay). That 1s, first, 50 uLL of 10 ug/mL antigen peptide was
put to each well of the 96-well plate, adsorbed onto the
bottom at 4° C. overnight and blocked with 100 uL. of 2%
BSA/PBS at37° C. for 2 hours. Each well was reacted at 4° C.
overnight with 100 ul supernatant of the hybridoma cells and
then reacted at 37° C. for 1 hour with a 1000-fold dilution of
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HRP-labeled anti-mouse IgG and colored with orthophe-
nylene diamine as substrate. After the reaction was termi-
nated with 50 uLL of 2 N sulfuric acid, each well was measured
for absorption at 492 nm, and hybridomas showing an absorp-
tion of 1.0 or more were selected and cloned by limiting
dilution.

The selected hybridoma cells were injected intraperito-
neally to a mouse (Balb/c) to which 0.5 mL pristane had been
intraperitoneally administered before 7 days and before 3
days, and about 10 days later, the ascites tluid was collected.
The recovered ascites tluid was left at room temperature for
30 minutes, then left at 4° C. overnight, centrifuged at 15
Krpm for 10 minutes to recover a supernatant from which a
mouse IgG fraction was separated and purified through a
protein A-Sepharose column.

By the method described above, a hybridoma cell strain
producing the antithuman BAFF antibody (4H4 whose 1s0-
type 1s Ig(G1), as well as the antibody (4H4), was obtained.
The resulting 4H4, and a control rabbit antthuman BAFF
polyclonal antibody (AB16530: shown as Chem 1n FIG. 3)
manufactured by Chemicon, were used 1n detection of recom-
binant human BAFF (manufactured by chemicon) by the
conventional Western blotting method. As aresult, a 17-KDa

band corresponding to the soluble human BAFF was con-
firmed as shown in FIG. 3.

Example 3

Production of BAFF Upon Stimulation of a Loucy
Cell or Jurkat Cell with TPA and Ionomycin

Loucy cells or Jurkat cells suspended 1n the same manner
as 1n Example 1 were seeded to a 6-well culture plate at a
density of 1x10° cells/well. At the same time, TPA and iono-
mycin were added to final concentrations of 0.05 ng/ml and
0.5 ug/mL respectively, and the culture supernatant was
recovered S hours, 24 hours, 48 hours, 72 hours (Loucy cells)
or 1, 4 and 7 days (Jurkat cells) after the culture was initiated.
BAFF produced by the cells contained in these culture super-
natants was measured by an ELISA method using a commer-
cial rabbit antthuman BAFF polyclonal antibody (Cat No.
AB16530, manufactured by Chemicon) and the mouse anti-
human BAFF monoclonal antibody (4H4) prepared in Refer-
ence Example 1. The ELISA method was carried out in the
following manner. That 1s, a 96-well plate was coated at 4° C.
overnight with 1 ug/well rabbit antihuman BAFF polyclonal
antibody (Cat. No. AB16530, manufactured by Chemicon) as

primary antibody. Each well was washed 3 times with PBS

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial, primer

<220> FEATURE:

«<221> NAME/KEY: primer_bind

<223> OTHER INFORMATION: Forward primer of human BAFF

<400> SEQUENCE: 1

aggccccaac cttcaaagtt caag
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containing 0.05% Tween 20, and then Block Ace (Daiippon
Pharmaceutical Co., Ltd.) was added 1n a volume of 150
ul/well and reacted at 37° C. for 2 hours. Each well was
washed 3 times with PBS containing 0.05% Tween 20, and 50
ul, sample and 50 ul (8 ng/mlL) of biotin-labeled 4H4 were
added and reacted at room temperature for 2 hours. Each well
was washed 3 times with PBS containing 0.05% Tween 20,

and 50 uLL of a 1000-fold dilution of streptoavidin-labeled
HRP (Horse Radish peroxide) diluted with PBS containing
0.05% Tween 20 was added and reacted at room temperature
for 30 minutes. Each well was washed 5 times with PBS
containing 0.05% Tween 20, and then 50 uL. of TMB One
Solution (manufactured by Clonetech) was added and reacted
for S minutes at room temperature, then 50 ul. of 1 N HCl was
added, and the each well was measured for absorbance at 450
nm with a plate reader (manufactured by Perkin Flmer). As a
standard substance, recombinant human BAFF (Cat No.
GF119, manufactured by Chemicon) was used to prepare a
standard curve, from which the concentration of BAFF in the
sample was measured.

A graph showing the result where the Loucy cells were
used 1s shown in FIG. 4, and a graph showing the result where
the Jurkat cells were used 1s shown 1n FIG. 5. The concentra-
tion of BAFF (ng/mL ) 1s shown on the ordinate 1n each graph,
and each left bar graph shows, as control, the concentration of
BAFF without stimulation with TPA and ionomycin. The
results indicated, as shown 1n FIGS. 4 and 3, that in the Loucy
cells or Jurkat cells stimulated with TPA and 1onomycin,
BAFF 1n the culture supernatant can be detected from 5 hours
or 1 day after stimulation and 1s continuously detected over 72
hours or 7 days after the culture was mitiated. From these
results, 1t was revealed that the induction of stable expression
of BAFF was recogmized by culturing Loucy cells or Jurkat
cells under stimulation with TPA and 1onomycin, and this
culture system can be used in screening a substance suppress-
ing or inhibiting the production of BAFF.

INDUSTRIAL APPLICABILITY

The present invention provides a method of inducing, 1n a
cultured human T cell, the production of BAFF revealed to be
related to autormmune diseases such as systemic lupus
erythematosus (SLE), chronic rheumatoid arthritis (RA),
Siogren’s syndrome (SS), autoimmune diabetes, AIDS, and
an autoimmune disease accompanied by B-cell activation,
and provides a technique of screening a new substance useful
for treatment and prevention of autoimmune diseases, and 1s
industrially applicable.

24



<210>
<211>
<212 >
<213>
«220>
<221>
<223 >

<400> SEQUENCE:

24

SEQ ID NO 2
LENGTH :
TYPE: DNA

ORGANISM: Artificial, primer
FEATURE:
NAME/KEY: primer_bind
OTHER INFORMATION: Reverse primer of human BAFF

2

11

cttagaggta cagagaaagg gagg

<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

Met AsSp Asp Ser

1

Lys

ATrg

Ala

Ser
6h

Ala

Ala

Ser

ASp

145

Gly

Ala

Phe

Gly

Ser

225

Pro

ASpP

ASP

Lys

Lys

Ala

50

Phe

Glu

Pro

Tle

ATy

130

Ser

Leu

Phe

His

210

Leu

Agn

Glu

Gly

Arg

Glu
35

Thr

Leu

Phe
115

Agn

Leu

Glu

Tle

195

Leu

Val

Agn

Leu

ASP
275

Glu

20

Ser

Leu

Gln

Gln

Ala

100

Glu

Gln

Thr

Glu

180

Tle

Thr

Ser

Gln

260

Val

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: Homo saplens

285

3

Thr

5

Glu

Pro

Leu

Vval

Gly

85

Gly

Pro

ATy

Leu

Phe

165

Gly

Gln

Leu

Cvys

245

Leu

Thr

<210> SEQ ID NO 4

<«211> LENGTH:

13

Glu

Met

Ser

Leu

Ala

70

His

Leu

Pro

Ala

Tle

150

Val

Glu

Gln

ATrg

Phe

230

Ala

Phe

Arg

Val

Ala

55

Ala

His

Glu

Ala

Val

135

bAla

Pro

Asn

Val

Lys

215

Arg

Ser

Tle

Phe

Glu

Leu

Arg

40

Leu

Leu

2la

Glu

Pro

120

Gln

ASDP

Trp

Leu
200

Ala

Pro

Gly
280

Gln

Lys

25

Ser

Leu

Gln

Glu

Ala

105

Gly

Gly

Ser

Leu

Ile

185

Val

Ile

Gly

ATrg

265

Ala

Ser

10

Glu

Ser

Sexr

Gly

Lys

50

Pro

Glu

Pro

Glu

Leu

170

Leu

Thr

His

Gln

Tle

250

Glu

Leu

AYg

ASpP

75

Leu

Ala

Gly

Glu

Thr

155

Ser

Val

ASp

Val

Agnh

235

Ala

Agn

-continued

Leu

Val

ASp

Cvs

60

Leu

Pro

Val

ASn

Glu
140

Pro

Phe

Phe
220

Met

Ala

Leu

Thr

Ser

Gly

45

Leu

Ala

Ala

Thr

Ser

125

Thr

Thr

Glu

Thr

205

Gly

Pro

Leu

Gln

Leu
285

Ser

Tle
30

Thr

Ser

Gly

Ala
110

Ser

Val

Tle

ATrg

Thr

120

ASP

Glu

Glu

Tle
270

Cys

15

Leu

Leu

Val

Leu

2la

55

Gly

Gln

Thr

Gln

Gly

175

Gly

2la

Glu

Thr

Glu

255

Ser

US 7,846,662 B2

Leu

Pro

Leu

Val

80

Gly

Leu

Agn

Gln
Lys
160

Ser

Met

Leu

Leu

240

Gly

Leu

12
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-continued

<212> TYPRE: PRT
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Ala Val Gln Gly Pro Glu Glu Thr Val Thr Gln Asp Cys

1 5 10
The invention claimed 1s: measuring at least one of the expression level and activity
1. A method of screening a substance capable of regulating level of BAFF in the BAFF production system.

the expression or activity of B cell activating factor belonging
to the tumor necrosis factor family (BAFF), comprising:
adding a test substance to a BAFF production system
including a Loucy cell stimulated by a combination of
12-O-tetradecanoylphorbol 13-acetate (TPA) and 10no-
mycin, and then S I

2. The method according to claim 1, wherein the regulation
15 of expression or activity of BAFF 1s the suppression or inhi-
bition of expression or activity of BAFF.
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